The Merodon nanus group (Diptera, Syrphidae) is a small group of closely related species with high morphological similarity. Until now, based on morphological characters, this group consisted of five species: M. nanus Sack, 1931; M. telmateia Hurkmans, 1987; M. kopensis Vujić et Hayat, 2015; M. neonanus Vujić et Taylor, 2015; and M. rasicus Vujić et Radenković, 2015. Here, using an integrative approach based on molecular characters (sequences of the D2-3 region of the nuclear 28S rRNA gene and the mitochondrial COI gene) and data obtained from geometric morphometry of wing shape, we distinguish all five previously morphologically defined species of the group. Additionally, we identify one species as being new to science, M. vladimiri Vujić et Kočiš Tubić sp. n. We emphasize the separation of this newly described species according to the sequences obtained from the slowly evolving 28S rRNA gene, which demonstrated four to five mutation positions between this species and morphologically the most similar M. neonanus species. Also, our results show a clear division of M. telmateia into at least three population groups that we designate as the subspecies: M. telmateia mediterraneus Ačanski et Kočiš Tubić subsp. n. and M. telmateia samosensis Ačanski et Kočiš Tubić subsp. n. exhibiting western distributions (western Anatolia and the Greek island of Samos, respectively) and the nominative subspecies M. telmateia telmateia with an eastern Anatolian distribution.
Introduction
The Merodon Meigen, 1803 is species-rich genus of hoverflies (Diptera: Syrphidae), comprising more than 160 taxa distributed throughout the Palaearctic and Afrotropical regions Vujić et al. 2011 Vujić et al. , 2016 . More than 50 species are restricted to the Mediterranean region alone Vujić et al. 2011 ). The phenotypic diversity, phylogenetic relationships, genetic diversity, integrative taxonomy, distributions, as well as the biogeographical and phylogeographic patterns of the Merodon genus, have been the focus of many studies over the last decade (Mengual et al. 2006; Marcos-García et al. 2007 , 2011 Vujić et al. 2007 Vujić et al. , 2012 Vujić et al. , 2013b Vujić et al. , 2016 Milankov et al. 2008a Milankov et al. , b, 2009 Milankov et al. , 2013 Francuski et al. 2009 Francuski et al. , 2011 Ståhls et al. 2009 Ståhls et al. , 2016 Radenković et al. 2011 Radenković et al. , 2018 Popović et al. 2015; Ačanski et al. 2016; Šašić et al. 2016) . However, some species groups of the genus Merodon, such as that of M. nanus, have only recently received detailed attention. Until 2015, only two species of the group, M. nanus Sack, 1931 and M. telmateia Hurkmans, 1987 , have been cited. Kustov (2003) provided zoogeographical analysis, revealing an Ancient Mediterranean type of distributional range for these species, that covers eastern Mediterranean (Aegean island Lesvos, Turkey, Iran) and Caucasus (Kustov 2003; Saribiyik 2003; Reemer and Smit 2007; Khaghaninia et al. 2010; Vujić et al. 2011; Ricarte et al. 2012) . Vujić et al. (2011) additionally gave data on preferred adult habitats and flowers visited.
Later on, the same authors defined the M. nanus group, expanding it by three newly described species: M. kopensis Vujić et Hayat, 2015 ; M. neonanus Vujić et Taylor, 2015; and M. rasicus Vujić et Radenković, 2015 . They also provided new diagnostic characters for M. nanus and M. telmateia species. These five closely related species were clearly separated based on morphological characters, such as the shape of the surstylus and aedeagal box in the male genitalia. Unlike the other species of the M. nanus group, M. telmateia possesses additional morphological characters, i.e., pale and unicolored tarsi, which clearly distinguish it from all other members of the M. nanus group.
Furthermore, distributional data accompanied with data on environmental niches analysis also supported the existence of five ecologically distinct taxa . Merodon kopensis is endemic to Turkey, whereas other species from the group have ranges extending into the east, west, and south. The authors emphasized that M. telmateia occurs in two regions where it has completely different climatic preferences, indicating that it perhaps constitutes two different taxa. They also proposed applying an integrative approach, using molecular and morphometric data, to provide more insight into structuring of the M. nanus species group. Compared to some other studied groups of the genus Merodon-such as the M. nigritarsis group (Radenković et al. 2011; Vujić et al. 2013a) and the M. ruficornis group (Vujić et al. 2012 )-the M. nanus group showed a higher level of within-group morphological similarity, potentially indicating a more recent divergence among them.
The integrative approach and the use of different sources of information in the identification, delineation, and description of taxa are widely accepted in modern taxonomy (Dayrat 2005; Will et al. 2005; Schlick-Steiner et al. 2010; Padial et al. 2010; Riedel et al. 2013; Bluemel et al. 2014; Miraldo et al. 2014) . After 10 years of practice of integrative taxonomy (Goulding and Dayrat 2016) , some newly published studies still highlighted the significance of using the holistic approach, e.g., benchmarking results of molecular species delimitation against morphologically well-defined taxa in highly diverse subfamily Drusinae (Insecta, Trichoptera) (Vitecek et al. 2017) . A good example of applying integrative taxonomy in studies of closely related and cryptic insect species was provided by Wang et al. (2016) . Based on morphology, mitochondrial DNA, and hyperspectral reflectance profiling, they inferred the boundaries of morphologically similar species of genus Bundera (Hemiptera: Cicadellidae).
In the present study, we endeavored to detect the level of congruence between taxonomic approaches based on molecular (sequences of the D2-3 region of the nuclear 28S rRNA gene and of the mitochondrial COI gene), morphometric (wing shape), and morphological characters within M. nanus species group. We also aimed to contribute to species delimitation among all available material using integrative taxonomy and to reveal the structure of the species group.
Material and methods

Molecular analysis of the Merodon nanus species group
Sampling
In total, 75 specimens of five previously morphologically defined species of the Merodon nanus species group were analyzed. Specimens were collected by a hand net and stored at − 20°C until further use. DNA voucher specimens have been deposited in FSUNS (Faculty of Sciences, University of Novi Sad, Serbia) and MZH (Zoological Museum of the Finnish Museum of Natural History, Helsinki, Finland). All samples used for molecular analysis are listed in Table S1 .
Laboratory methods
DNA was extracted from two or three legs of specimens analyzed at the Laboratory of Genetics, University of Novi Sad, Serbia, using a slightly modified SDS extraction protocol . PCR amplifications of the D2-3 region of the nuclear 28S ribosomal RNA gene and the mitochondrial protein-coding cytochrome c oxidase subunit I (COI) gene were generated using the primers listed in Table 1. PCR reactions were carried out in 25 μl reaction volumes and the reaction mix consisted of 1× Taq buffer (ThermoScientific, Lithuania), 2 mM MgCl 2 , 0.1 mM of each nucleotide, 1.25 U Taq polymerase, 5 pmol of each primer, and approximately 50 ng DNA. Amplifications were performed in an Applied Biosystems Verity thermal cycler under the following conditions for the COIb region: initial denaturation for 2 min at 95°C, 29 cycles of denaturation at 94°C for 30 s, 30 s annealing at 49°C, 2 min extension at 72°C, followed by a final extension of 8 min at 72°C. For the other two regions (COIa region and D2-3 region of the 28S), amplification conditions were as follows: initial denaturation for 3 min at 94°C; 30 s denaturation at 94°, 45 s annealing at 50°C, 1 min extension at 72°C (29 cycles); and a final extension for 8 min at 72°C. Amplified DNA was electrophoresed on 1.5% agarose gels for visual inspection of amplified products.
For specimens analyzed in the Zoological Museum of the Finnish Museum of Natural History, Helsinki, DNA was extracted with a NucleoSpin Tissue kit (Macherey-Nagel) and amplified using Ready-to-Go PCR beads (GE Healthcare). The same primers were used for amplification of the selected gene fragments (Table 1) .
All amplification products were purified by Exonuclease I a n d S h r i m p A l k a l i n e P h o s p h a t a s e e n z y m e s (ThermoScientific, Lithuania) according to the manufacturer's protocol. The fragments were sequenced on an ABI3730x1 Genetic Analyzer (Applied Biosystems) at the Finnish Institute for Molecular Medicine (FIMM), Helsinki, Finland.
Data analysis
Alignment of the sequences was performed using the Clustal W algorithm (Thompson et al. 1994) , as implemented in BioEdit version 7.2.5 (Hall 1999) with final adjustments by eye. Nucleotide divergences among species were calculated using uncorrected p-distances. The sequences were clustered using maximum parsimony (MP) and maximum likelihood (ML) analyses. Parsimony analysis was run by NONA (Goloboff 1999) , spawned with the aid of Winclada (Nixon 2002) , using the heuristic search algorithm with 1000 random addition replicates (mult*1000), holding 100 trees per round (hold/100), maxtrees set to 100,000, and applying TBR branch swapping. The ML trees were constructed in RAxML 8.2.10 (Stamatakis 2014) in CIPRES platform (Miller et al. 2010 ) using the general time-reversible (GTR) e vo l u t i o n ar y m o d el w i t h a ga m m a di s t r i b u t i o n (GTRGAMMA) (Rodriguez et al. 1990 ). Nodal support was estimated using nonparametric bootstrapping with 1000 replicates for both MP and ML trees. Two trees per analysis (MP and ML) were constructed: (1) for sequences of the D2-3 region of the nuclear 28S rRNA gene and (2) for the concatenated indel-free 3′ and 5′ COI sequences. As outgroups, we used Archimicrodon sp. (GenBank accession no. KU365547 for 28S, KU365419 for the COI-3′ fragment and KU365483 for the COI-5′ fragment); Eumerus amoenus Loew, 1848 (GenBank accession no. KU365549 for 28S, KU365421 for the COI-3′ fragment, and KU365485 for the COI-5′ fragment); Merodon clunipes Sack, 1913 (GenBank accession no. MH536874 for 28S, MH538348 for the COI-3′ fragment, and MH538348 for the COI-5′ fragment); and Merodon spinitarsis Paramonov, 1929 (GenBank accession no. MH536875 for 28S, MH536871 for the COI-3′ fragment, and LN906939 for the COI-5′ fragment).
Geometric morphometric analysis
Geometric morphometric analysis of wing shape was conducted on 292 specimens of the M. nanus species group (Table S2) . Specimen from FYR Macedonia, here designated as M. vladimiri sp. n., was not included in wing shape analysis due to a small sample size. The right wing of each specimen was removed using microscissors and was mounted in Hoyer's medium on a microscopic slide. Wings have been labeled and archived using unique codes saved in the FSUNS collection, together with other data relevant to the specimens. High-resolution photographs of the wings were made using a Leica DFC320 video camera attached to a Leica MZ16 stereomicroscope. Twelve homologous landmarks that could be reliably identified and that represented wing shape were chosen and drawn using TpsDig 2.05 software (Rohlf 2006 ) (for more details, see Fig. 4 ). Each wing was digitized three times to estimate the measurement error. 5′-TAAACTTCAGGGTGACCAAAAAAATCA- 3′ Folmer et al. (1994) Measurement (digitizing) error was negligible and the average landmark coordinates for each individual were used in the analyses (Arnqvist and Mårtensson 1998) . Generalized least squares Procrustes superimposition (GLS) was used to minimize nonshape variations in location, scale, and orientation of wings and also to superimpose the wings in a common coordinate system (Rohlf and Slice 1990; Zelditch et al. 2004 ) by employing MorphoJ v2.0 (Klingenberg 2011) . Principal component analysis (PCA) was carried out on the Procrustes shape variables to reduce the dimensionality of the dataset. All further statistical analyses were conducted in the reduced space using a subset of independent principal components (PCs) that describe the highest overall classification percentage calculated in stepwise discriminant analysis (Baylac and Frieß 2005) .
Sexual dimorphism was explored by multivariate analysis of variance (MANOVA). To explore wing shape variation among the taxa, discriminant function (DA) and canonical variate analyses (CVA) were employed. Also, a Gaussian naive Bayes classifier was used to delimit species boundaries based on wing shape variation without a priori-defined groups. Phenetic relationships among taxa were determined by UPGMA analysis based on squared Mahalanobis distances computed from the DA applied to wing variables and graphically represented using GenGIS v2.4.1 (Parks et al. 2013) . Superimposed outline drawings produced by MorphoJ software were used to visualize differences in mean wing shape among species pairs. All statistical analyses were performed in Statistica for Windows (Dell Statistica 2015) .
Correlations between Mahalanobis square distances of wing, geographic, and climatic distances were evaluated using a two-tailed Mantel test (Mantel 1976 ) with 10,000 permutations in the PaSSaGe software (Rosenberg and Anderson 2011) . Geographic distances were calculated as the minimum distance between two taxa using QGIS (Quantum GIS Development Team 2012), while climatic distances were calculated based on Euclidean distances of the factor scores from the PCA results published in Vujić et al. (2015) .
Results
Molecular species delimitation and structure of the Merodon nanus species group
The aligned and pruned 28S data matrix comprised 630 nucleotide characters for 77 specimens (73 specimens belonging to the M. nanus species group + 4 outgroups). The number of parsimony-informative characters was 18 for the total matrix. The strict consensus MP tree (Fig. 1 ) separated the previously morphologically defined species of the M. nanus species group, with the exception of M. kopensis and M. rasicus that shared the same genotype. All the other species do not share the 28S genotype which indicated their genetic separation. A sample from FYR Macedonia (MZH S515), previously defined by morphological characters as being M. neonanus, did not group with other specimens of that species. This specimen separated with the highest number of mutation steps (three to five) from the other species. The MP analysis of the 28S rRNA gene revealed high congruence with the taxonomy based on morphological characters.
The combined 3′ and 5′ fragments of the COI gene dataset comprised a total of 1338 characters for 72 specimens (68 specimens belonging to the M. nanus species group + 4 outgroups). The number of parsimony-informative characters was 186 for the total matrix. The concatenated COI sequences in MP analysis (Fig. 2) , besides delimitation of species within the M. nanus group, discriminated specimens also according to their sampling localities (populations) and indicated a great genetic diversity within the M. nanus group of species. M. telmateia specimens were clearly divided into samples taken from Samos Island (Greece) and two Turkish regions (Isparta and Muğla). The M. telmateia specimens from Iran clustered with M. nanus specimens (but still remained separate) rather than with other M. telmateia samples. Further, insular M. neonanus specimens (from Samos and Chios) did not resolve with the majority of the continental samples of this species. In contrast to the 28S dataset, the combined COI analyses distinguished M. kopensis from M. rasicus. The COI sequences also separated the MZH S515 sample from FYR Macedonia from the nearest M. neonanus samples by 14-17 mutation points. Uncorrected pairwise divergences (p-distance) of COI gene sequences between this specimen and all other members of the M. nanus group ranged from 0.7 to 1.9%.
ML analysis revealed similar topologies to respective MP trees, reinforcing the species delimitation of M. nanus species group, as well as substructuring of the analyzed species in the population (Figs. S1 and S2).
Geometric morphometric analysis
Sexual dimorphism The two-way MANOVA of wing shape showed highly significant differences among species (F 88, 1244 = 11.974; p < 0.01), sexes (F 22, 318 = 9.616032; p < 0.01), and their interaction (F 66, 929 = 3.806; p < 0.01), indicating that there is sexual shape dimorphism. Due to this sexual dimorphism, we consequently analyzed male and female specimens separately.
Males Principal component analysis carried out on the Procrustes shape variables produced 20 PCs (Table S3) .
Stepwise discriminant analysis revealed that the all 20 PCs represented the highest overall classification percentage of male specimens to a priori-defined species. Discriminant analysis conducted on 16 PCs showed that among males all species pairs differed highly significantly in wing shape (p < 0.01) with Our CVA produced four highly significant canonical axes linked to shape variation among species (Table 3) . Most of the wing shape variation (80%) was described by CV1 and CV2. CV1 (49% of the wing shape variation) clearly separated males of M. telmateia from M. kopensis and partially from M. nanus, M. neonanus, and M. rasicus (Fig. 3a) . CV2 (31% of the wing shape variation) depicts differences between the species pairs M. kopensis-M. neonanus and M. nanus-M. rasicus (Fig. 3a) . CV3 (13% of the wing shape variation) describes differences in wing shape between M. kopensis and M. rasicus, and partially with M. neonanus, whereas CV4 (7% of total wing shape variation) differentiates M. nanus from M. rasicus (Fig. 3b) . Based on a UPGMA phenogram from clustering of the DA-derived Mahalanobis square distances, the most similar wing shapes were between the species pairs M. nanus-M. rasicus and M. kopensis-M. neonanus, whereas M. telmateia had the most distinct wing shape (Fig. 4) . Also, superimposed outline drawings depict the differences in mean wing shape among males of each species, which are mostly related to differences in the central and distal parts of the wing (Fig. 4) .
Female Due to a small sample size, females of M. kopensis were not included in our wing shape analysis. Principal component analysis carried out on the Procrustes shape variables of 147 female specimens produced 20 PCs (Table S3) , from which 17 represented the highest overall classification percentage of female specimens to a priori-defined species (PCs 12, 13, and 16 were excluded by stepwise discriminant analysis).
The DA was highly significant differentiating all species pairs based on wing shape variation (Table 2 ) with an overall classification success of 95.24%, i.e., better than for males. Only seven female specimens were misclassified and all specimens of M. nanus were correctly classified. Additionally, only five female specimens (2.72%) were misclassified using Gaussian naive Bayes classifier.
Canonical variate analysis conducted on 17 PCs produced three highly significant axes (Table 3) . CV1 (64% of the wing An integrative approach in the assessment of species delimitation and structure of the Merodon nanus...
shape variation) differentiated the females of M. telmateia from all other species (Fig. 5a ), whereas CV2 (20% of the wing shape variation) clearly separated M. nanus from M. neonanus and M. rasicus (Fig. 5a ). CV3 with 16% of the wing shape variation clearly separated M. neonanus and M. rasicus (Fig. 5b) . Congruent with the results of males' UPGMA analysis, females of M. nanus-M. rasicus were closest to each other, forming a branch, whereas M. telmateia and M. neonanus were in the second branch (Fig. 6) . As well as in males, shape differentiation among species was linked to differences in the central and distal parts of the wing (Fig. 7) .
Intraspecific variability of Merodon telmateia
PCA of a total of 181 specimens of Merodon telmateia generated 18 PCs axes, and all are used in further analysis (highest overall classification percentage by stepwise discriminant analysis). The first two PCs together accounted 46% of the total variance, and although a scatter plot of PC1 vs PC2 revealed overlap between most populations, there is some indication of geographical variation among eastern and western Turkish populations (Fig. 7a) . DA evidenced significant divergence between eastern and western Turkish populations, but not among eastern Fig. 4 Wing shape differences among male specimens of the Merodon nanus species group. UPGMA phenogram constructed using Mahalanobis square distances with superimposed outline drawings of average wing shape for each species. Differences between the species were exaggerated threefold to make them more visible Turkish populations (Table 4) . CVA produced three highly significant canonical axes that describe wing shape differences among the investigated populations (Table 3 ). The CVA plot exhibited a similar pattern to the PCA plot (Fig.  7b) . CV1 (51% of total wing shape variation) depicted wing shape differences among eastern Turkish and other conspecific populations. CV2 (27% of total wing shape variation) distinguished Samos Island (Greece) and Iranian from Turkish populations (Fig. 7b) .
UPGMA cluster analysis based on Mahalanobis square distances revealed the same population relationships depicted by CVA and DA (Fig. 8a) . Eastern Turkish populations were tightly clustered, as were western Turkish populations. A population from the Greek island of Samos and an Iranian population exhibited the greatest differences from other conspecific populations. Superimposed outline drawings depict the mean wing shape of three geographically isolated populations (Samos, eastern and western Turkish populations) (Fig. 8b ). Eastern Turkish specimens had the longest wings, whereas the island specimens from Samos had the shortest wings. The shape differences among these three populations are mainly associated with landmarks in the distal and basal parts of the wing (Fig. 8b) .
The results of our two-tailed Mantel tests showed no association of geographic (r = 0.27240, p = 0.85060) and environmental (r = 0.87781, p = 0.14920) distances with wing shape distance among the investigated populations. Fig. 6 Wing shape differences among female specimens of the Merodon nanus species group. UPGMA phenogram constructed using Mahalanobis square distances with superimposed outline drawings of average wing shape for each species. Differences between the species were exaggerated threefold to make them more visible 
Subspecies of Merodon telmateia
Based on genetic and morphometric data, at least three groups of geographically isolated populations among Merodon telmateia specimens were identified, which we here designate as subspecies. The taxonomic position of the population from Iran remains unresolved due to a lack of available material.
Merodon telmateia telmateia Ačanski (nominal subspecies)
Diagnosis. Differs from other subspecies by morphometric wing characters (longest wing) and distribution. It is geographically separated from other populations, being distributed in northeastern Anatolia.
Type material (published in Hurkmans 1987 (Fig. 9) . This is a nominotypical subspecies.
Merodon telmateia samosensis Ačanski et Kočiš Tubić subsp. n.
Diagnosis. Differs from Merodon telmateia telmateia by morphometric wing characters (shorter and slightly narrower wing) and distribution. Molecular data show separation of M. telmateia samosensis from M. telmateia mediterraneus; ML and MP analyses placed these subspecies on separate branches (Figs. 2 and S2 ). In MP analysis of the concatenated COI sequences comprising a total of 1338 characters, 11-17 mutation positions were detected between these two subspecies (Fig. 2) . Type locality. Greece, Samos. Distribution. Subspecies endemic to the Greek island of Samos (Fig. 9) . Etymology. The name Bsamosensis^refers to the type locality of this endemic subspecies to the Greek Aegean island of Samos.
Merodon telmateia mediterraneus Ačanski et Kočiš Tubić subsp. n.
Diagnosis. Differs from Merodon telmateia telmateia by morphometric wing characters (shorter and slightly wider wing) and distribution. Molecular data show separation from M. telmateia samosensis; ML and MP analyses placed these two subspecies on separate branches (Figs. 2 and S2 ). In the MP analysis of the concatenated COI sequences comprising a total of 1338 characters, 11-17 mutation positions were detected between M. telmateia mediterraneus and M. telmateia samosensis (Fig. 2) . Type locality. Turkey, Muğla. Distribution. Distributed in the Aegean and Mediterranean regions of the Anatolian Peninsula as far as Israel (Fig. 9 ). E t y m o l o g y. T h e n a m e i s t h e L at i n a d j e c t i v e Bmediterraneus,^which reflects the distribution of the subspecies in the eastern Mediterranean, from the Aegean part of the Anatolian Peninsula as far as Israel.
Description of a new species
Based on the structure of male genitalia and molecular support from analyses of nuclear 28S rRNA gene and mitochondrial COI gene sequences, specimen MZH S515 from FYR Macedonia belongs to a distinct species. Both MP and ML analytical approaches distinguished this specimen from samples of M. neonanus. MP analysis revealed 4-5 (28S sequences; Fig. 1 ) and 14-22 (COI sequences; Fig. 2 ) mutation steps between MZH S515 and M. neonanus samples, and ML trees showed this sample as a separate branch (Figs. S1 and S2). Previously, Vujić et al. (2015) described variation in the shape of the surstylus of male genitalia (Fig. 8, p. 449 ) and cited the possibility of it representing another cryptic taxon among M. neonanus. Therefore, morphological divergence, genetic characters, and its isolation from the continuous range of M. neonanus support recognition of a new species.
Merodon vladimiri Vujić et Kočiš Tubić sp. n.
Diagnosis. Belongs to the M. nanus group and a member of the M. aureus clade (sensu lato) in the sense of Mengual et al. (2006) . The main morphological characters are as follows: species with stocky abdomen; pilose posterior part of the mesocoxa, an area with pile on the anterior anepisternum below the postpronotum, terga with transverse fasciae of pale pile instead of pollinose fasciae (rarely with indistinct pollinosity), spike absent from the metatrochanter in male, tibiae and tarsi mostly pale except for two dark apical tarsomeres; in the male genitalia (Fig. 10) , anterior surstyle lobe undeveloped; the posterior lobe of the surstylus is extremely large with a straight posterior margin, similar to M. neonanus ( Fig. 10c: psl) but from which it differs in shape of the apical part (Fig. 10a) , hypandrium broad (Fig. 10b) , and aedeagal box short and broad ( Fig. 10b: ae) .
Description (Fig. 11) . Male. Body length 11 mm; wing length 6 mm. Head. Antenna brown-orange, basoflagellomere elongated, 2.1 times as long as wide, 1.8 times longer than pedicel, with dorsal margin convex basally and concave apically; arista 1.3 times longer than the basoflagellomere. Face and frons black with bronze metallic shine, covered with long whitish-yellow pile and sparse silver white pollinosity. Oral margin shiny brown-black, well-protruded. Vertical triangle isosceles, shiny black, except for silver-gray pollinosity near eye contiguity, covered with yellow or mixed yellow and black pile; ocellar triangle equilateral or slightly isosceles. Eye contiguity 12 ommatidia long. The ratio between lengths of vertical triangle:eye contiguity:ocellar triangle (in dorsal view) = 2:1:2. Eye pile dense, grayish. Occiput golden or shiny blue with whitish-yellow pile and dense white pollinosity along the eye margin.
Thorax. Mesonotum shiny black with pronounced metallic golden luster, covered with dense, erect yellow pile. Pleurae partly covered with pale pollinosity. Proepimeron, posterior anepisternum, anteroventral and posterodorsal parts of katepisternum, anepimeron, metasternum, and katatergum with long yellow pile. Wing hyaline, with dense, brown microtrichia; veins yellow-brown. Calypter bright yellow with dense long yellow marginal pile. Haltere yellow. Femora black, yellow only at tip. Metafemur not thickened, about 4.5 times as long as wide. Tibiae and tarsi yellow: tibiae with dark annulus (ring) in the middle, most expressed in the metaleg; apical two tarsomeres darkened dorsally. Pile on legs yellow, metatrochanter with a patch of short orange pile.
Abdomen. Broad and short, as long as mesonotum. Terga dark, shiny with metallic golden luster; without distinct pollinose fasciae; with adpressed golden to grayish-yellow pile, except triangular black pile areas in central parts of terga 2 and 3. Sterna shiny, covered with pale pile.
Genitalia. Anterior lobe of the surstylus absent; posterior lobe of surstylus extremely large with posterior margin straight, tip narrow; ventral margin strongly S-shaped with distinct convex part of the curve (Fig. 10a) ; cercus rectangular, without prominences (as in Fig. 10a : ce). Hypandrium broad, curved; ctenidion situated subapically (Fig. 10b) . Aedeagal box well developed with bilobate apex, short and broad, 1/4 the length of the hypandrium (Fig. 10b: ae) . Etymology. The name of the species Bvladimiri^is dedicated to the legator of the holotype, Vladimir Krpač, Curator of the Macedonian Museum of Natural History, Skopje, FYR Macedonia. Fig. 10 Male genitalia. a M. vladimiri sp. n., epandrium, lateral view. b M. vladimiri sp. n., hypandrium, lateral view. c M. neonanus, epandrium, lateral view. psl, posterior surstyle lobe; ce, cercus; ae, aedeagal box Fig. 11 a M. vladimiri sp. n., male, dorsal view (holotype). b M. telmateia, male, dorsal view (Turkey). c M. vladimiri sp. n., male, lateral view (holotype). d M. telmateia, male, lateral view (Turkey)
Discussion
Using an integrative approach based on molecular characters and data obtained from geometric morphometry of wing shape, we have supported previously five morphologically defined species of the M. nanus group by Vujić et al. (2015) and detected one new species, M. vladimiri sp. n. by genetic and morphological analyses. Parsimony analysis of 28S ribosomal RNA gene sequences successfully delimitated almost all analyzed species, with only one incongruity; sequences of the two species M. kopensis and M. rasicus were identical. However, this finding is not unusual for cryptic, closely related species, such as those of the M. nanus group . In general, rRNA genes evolve more slowly than protein-encoding genes and, therefore, represent relevant molecular markers for phylogenetic analyses of distantly related species (Patwardhan et al. 2014) . The D2-3 region of the nuclear 28S rRNA gene has been used to assess relationships among taxa at higher taxonomic levels, such as in family Syrphidae; for example, phylogenetic relationships of the tribe Rhingiini (Ståhls et al. 2004) , of the tribe Pipizini (Vujić et al. 2013b; Mengual et al. 2015) , two exceptionally speciose New World Syrphinae genera Ocyptamus Macquart, 1834 and Toxomerus Macquart, 1855 (Mengual et al. 2012) , as well as tribal relationships in the subfamily Syrphinae (Mengual et al. 2008) , and the general phylogeny of Syrphidae . However, this gene region, even though combined with COI gene sequences, has also proven informative for specieslevel phylogenies (e.g., Ståhls et al. 2004; Mengual et al. 2008) and even for closely related species such as those from M. ruficornis species group (Vujić et al. 2012) . Here, the obtained data from 28S rRNA gene sequences of the M. nanus species group proved extremely useful, resulting in a high level of congruence with species identification based on morphological characters. The morphologically defined species (except M. kopensis and M. rasicus) were separated by one to four mutational steps to each other, while furthermore, M. vladimiri sp. n. showed separation with four to five mutational steps as compared to the other species (the highest number of mutational steps for 28S rRNA gene sequence within M. nanus group). Specimens of the M. telmateia showed two genotypes with the difference in one mutation step, but these different genotypes have no obvious overlap with the patterns of morphological differences or their distribution. A similar finding was observed for M. neonanus. All the other species within the group showed the presence of single speciesspecific genotype.
All species recognized by Vujić et al. (2015) were successfully separated based on wing shape. A high rate of correct classification for both males and females (> 90%) confirmed their clustering into species based on morphological characters and indicates that wing shape is a reliable predictor of interspecific discrimination. The importance of wing shape and its concordance with molecular and morphological data in Syrphidae taxonomy has been proven by many previous studies (Francuski et al. 2011; Nedeljković et al. 2013 Nedeljković et al. , 2015 Vujić et al. 2013b; Ačanski et al. 2016; Šašić et al. 2016) . Furthermore, recent studies have shown that geographical distribution and environmental preferences have no impact on wing shape differences among species within the M. aureus and M. avidus complexes (Šašić et al. 2016; Ačanski 2017) , as is expected given that insect wing shape is heritable (Bitner-Mathé and Klaczko 1999; Birdsall et al. 2000; Moraes et al. 2004; Mezey and Houle 2005; Dworkin and Gibson 2006; Yeaman et al. 2010) . Differences in wing shape among male and female specimens followed similar patterns, represented by differentiation mainly in the central and distal parts of the wing. A similar pattern of wing shape variation was found in previous studies of sibling species of hoverflies, influencing wing length and width (Nedeljković et al. 2013 (Nedeljković et al. , 2015 Vujić et al. 2013b; Šašić et al. 2016; Ačanski 2017) . Variation in wing shape is species-specific and could be related to flight ability and male courtship song (Betts and Wootton 1988; Grabow and Rüppell 1995; Ritchie and Gleason 1995; Hoikkala et al. 1998; Kölliker-Ott et al. 2003; DeVries et al. 2010; Menezes et al. 2013; Outomuro et al. 2013; Sacchi and Hardersen 2013) . It is interesting that male specimens of M. neonanus and M. telmateia have the most prominent changes at distal parts of the wing, influencing width and length. These two species occur sympatrically and synchronically at five localities. We hypothesize that differences in wing shape among male specimens of these two species are due to the process of reproductive isolation through courtship song. Several studies on Drosophila have shown that wing shape influences male species-specific courtship song, which is an important premating barrier (promoting sexual and reproductive isolation) (Cowling and Burnet 1981; Ritchie and Gleason 1995; Tauber and Eberl 2003; Menezes et al. 2013) .
We can conclude that combination and congruence of morphology (especially of male genitalia), wing morphometry, and molecular data of 28S rRNA gene allow delimitation of species within the M. nanus group.
The mitochondrial protein-coding genes, due to their faster evolutionary rates compared to rRNA genes, are regarded as powerful markers for genetic diversity analysis at lower categorical levels, including families, genera, and species. One of the most extensively used is cytochrome oxidase I (COI) gene emerging as a good strategy for species identification, delimitation, as well as for biodiversity analysis (Hwang and Kim 1999; Arif and Khan 2009 ). This gene is frequently applied in molecular taxonomic studies of hoverflies (see Pérez-Bañón et al. 2003; Masetti et al. 2006; Mengual et al. 2006; Milankov et al. 2008a, b; Ståhls et al. 2009; Marcos-García et al. 2011; Radenković et al. 2011 Radenković et al. , 2018 Vujić et al. 2012 Vujić et al. , 2013b Šašić et al. 2016) . The combined analysis of both fragments of COI gene in our study divided the closely related species of the M. nanus species group, including M. kopensis and M. rasicus that the 28S nuclear region could not differentiate. The speciesspecific COI haplotypes were detected, i.e., there are no shared haplotypes among previously morphologically defined species of the M. nanus group by Vujić et al. (2015) . In addition to species separation, the COI sequences also discriminated geographically isolated populations within species. Hence, the diversity at both the inter-and intraspecific levels was detected. The most obvious data enhancement arising from COI sequence was separation of M. telmateia into populations from Samos Island and western Turkey (Isparta and Muğla). This separation, which is supported by high bootstrap values (COI MP tree: 86 and 73 for Samos and Isparta-Muğla, respectively), prompted us to treat these genetic clusters as separate units. Therefore, based on strong genetic support and morphometric analysis of wing shape, as well as their disjunct distributions (without intraspecific morphological differences), we designate these populations as the subspecies M. telmateia samosensis (Samos Island) and M. telmateia mediterraneus (Isparta and Muğla). Also, we detected a very distinct genetic signal for Iranian samples, indicating potential species status for this population. However, due to a lack of genetic data for eastern Turkish populations (geographically close to Iran) because of the age of the specimens, we could not further assess the taxonomic position of this Iranian cluster. Therefore, the taxonomic status of the Iranian population remains unresolved and warrants further study. Our geometric morphometric analyses on the eastern Turkish populations clearly divided them from the western Turkish populations, and here, we designate the eastern Turkish population as a distinct subspecies M. telmateia telmateia. Overall then, we have shown clear division of M. telmateia into at least three subspecies: two with a western and one with an eastern distribution, supporting previous indication of the presence of substructuring (subdivision) in this taxon by Vujić et al. (2015) .
The nominotypical subspecies M. telmateia telmateia has a northeastern Anatolian distribution linked to the mountains in this region. Merodon telmateia samosensis is restricted to the Greek Aegean island of Samos, whereas M. telmateia mediterraneus occurs in Aegean and Mediterranean regions of the Anatolian Peninsula as far as Israel. Despite their Anatolian distributions, M. telmateia telmateia and M. telmateia mediterraneus are strictly allopatric, with a gap between their distributions in the Central Anatolian region. The Anatolian Peninsula was an important refuge during the Quaternary ice ages (Hewitt 2001; Çiplak 2003; Habel et al. 2008) . The western and eastern parts of this peninsula were separated in the past by a large Central Anatolian lake system that persisted cyclically until the end of the Pliocene (Kosswig 1995; Demirsoy 1996) . This geographical barrier is probably responsible for the geographical separation of western and eastern Anatolian populations, leading to their allopatric differentiation. These areas represent hot spots for species of the M. ruficornis ) and M. nanus species groups, as well as for many different animal and plant species (plants: Zohary 1973; Lepidoptera: Hesselbarth et al. 1995; Orthoptera: Çiplak 2003; Hymenoptera: Yildirim et al. 2014) . Range expansion by M. telmateia telmateia and M. telmateia mediterraneus to the west and east, respectively, is prevented by the Anatolian Diagonal, as well as their specific climatic preferences. The Anatolian Diagonal represents a high-altitude barrier that divides eastern Anatolia from the rest of the landmass and acts as a biogeographical hindrance to many taxa (Gül 2013; Mutun 2016) . Additionally, the western part of Anatolia has a warm Mediterranean climate with hot, dry summers and tepid rainy winters; eastern Anatolia is a high mountain area with a more severe climate and greater precipitation (Sesli and Denchev 2008) . The prominent molecular and morphometric differentiation of the Samos Island population reflects the impact that the complex geological history of the Aegean archipelago and island isolation has had on intraspecific differentiation (Poulakakis et al. 2015) . We found no correlation of geographical distance or environmental preferences with differences in wing shape within subspecies of M. telmateia. From a biogeographical point of view, these subspecies can be considered remnants of the ancestral continental species, which became separated by paleogeographical and paleoclimatic factors. Inhibition of gene flow among these populations now plays a major role in their intraspecific differentiation due to geographic isolation.
Here, we also identify one species new to science (M. vladimiri sp. n.), based on morphological and molecular analyses. Regarding morphological characters, Vujić et al. (2015) detected a specific shape of the surstylus of male genitalia in the specimen from FYR Macedonia (here designated as M. vladimiri sp. n.). Concerning that this observation was based on a single specimen, at that point of research, Vujić et al. (2015) did not have sufficient support for describing a new species and affiliated specimen from FYR Macedonia to the morphologically closest species M. neonanus. However, they indicated the possibility of it representing another cryptic taxon within M. neonanus. Here, the presented molecular analysis including this previously morphologically analyzed specimen from FYR Macedonia provided support to the previous assumption. The D2-3 region of the 28S rRNA gene and COI gene clearly distinguished that sample from FYR Macedonia from all other M. neonanus samples. Additional support was provided by uncorrected pairwise divergences (p-distances) of the COI gene between this species and all other members of the M. nanus species group (range = 0.7-1.9%). This range is concordant with the interspecific distances of some previously studied and closely related species, such as M. auripes and M. loewi within the M. ruficornis species group (Vujić et al. 2012) , among species of the M. atratus species complex (Šašić et al. 2016) , and among species of the genera Pipiza (Vujić et al. 2013b) and Cheilosia . We emphasize the separation according to sequences obtained from the slowly evolving 28S rRNA gene, which demonstrated four to five mutation positions between the Macedonian sample and other M. neonanus samples. The use of rDNA is not a new approach to molecular species identification, but many previously published studies rely on the analysis of long rDNA fragments (Monteiro et al. 2000; McClain et al. 2001; Ninet et al. 2003; Markmann and Tautz 2005; Monaghan et al. 2005; Shirouzu et al. 2007; Sonnenberg et al. 2007) or complete rDNA genes (Floyd et al. 2002; Caterino and Tishechkin 2006) . However, Raupach et al. (2010) assessed the usefulness of three short expansion segments from two different rRNA genes (the V4 and V7 expansion segments of 18S and the D3 expansion region of 28S). In combination with COI sequences, these regions showed potential for species discrimination, allowing unambiguous identification of 95% of ground beetle (Coleoptera: Carabidae) species. The species identification threshold for the rDNA markers analyzed in this study was only one base substitution, insertion, or deletion, but it was completely consistent for the taxa. Our results, in accordance with the morphological differences previously observed by Vujić et al. (2015) , indicate that we have clear evidence for the presence of a new cryptic taxon within M. neonanus (designated here as M. vladimiri sp. n.). Support for its taxonomic rank is provided by the geographical isolation of the sample from FYR Macedonia relative to the continuous range of M. neonanus . The Balkans and the Anatolian Peninsula represent clearly distinct regions that harbor different faunas (e.g., Oosterbroek and Arntzen 1992; Lumaret and Lobo 1996; Sfenthourakis 1996; Sindaco et al. 2000) . Differences between them have been detected in Syrphidae groups of species, as well (Mengual et al. 2006; Vujić et al. 2012 Vujić et al. , 2013a Popović et al. 2015) .
